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The Jurassic ultramafic complex on the western slopes 
of the northern Sierra Nevada is contained within the Melones 
fault zone and intrudes eugeosynciinal metasedimentary and 
metavolcanic rocks of Paleozoic and Mesozoic age. Mesozoic 
intrusive rocks include gabbro, keratophyre, and granite.
The ultramafic mass consists mainly of serpentinized 
dunites and harzburgites, with minor amounts of pyroxenites. 
Chromite pods are locally abundant. Minor amounts of talc 
rock, tremolite schist, carbonate rock, and quartz veins 
are found concentrated along shears and fractures in the 
ultramafic assemblage. Contact alteration or metamorphism 
of the host rock surrounding the ultramafic bodies has not 
occurred, and the mass appears to have undergone 
serpeiitinization prior to emplacement.
The Melones ultramafic complex is similar in structure, 
rock type, and mineralogy to Alpine complexes found through­
out the west coast of the United States and Canada. It pro­
bably represents mantle material that was tectonicly emplaced 
in the cold state during the early phase of the orogenic 
cycle.
Nickel values vary widely throughout the belt but the 
overall nickel content averages .217o. High nickel content 
is related to the mineralogy of the rock; olivine and
ii
serpentine minerals derived from olivine appear to contain 
the bulk of the nickel in most samples. For this reason 
serpentinized dimites give higher nickel assays than serpen- 
tinized harzburgites. Lizardite is the most common serpen­
tine mineral. Primary nickel sulphides in the form of 
pentlandite-pyrrhotite aggregrates are found interstitial 
to the primary olivine and pyroxene grains. More nickel 
sulphides and oxides are formed during serpentinization 
and are found within the pseudomorphs of lizardite after 
olivine. These new minerals are mainly hazelwoodite, and 
miilerite, with lesser amounts of siegenite, awaruite, and 
trevorite. The individual sulphide crystals average lOu 
in diameter, are widely dispersed, and do not contribute 
significantly to the total nickel assay.
Because the bulk of the nickel appears to be present 
as a solid solution in serpentine;commerical concentration 
of the ore is impossible. Likewise, the nickel-rich 
sulphides, owing to their small size, do not render them­
selves to physical separation. Concentration of nickel 
sulphides has not occurred and there are no massive sulfide 
ore bodies within the Melones Alpine-type ultramafic zone 
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INTRODUCTION
This report presents the results of a geochemical 
and petrologic investigation of nickel mineralization 
associated with a part of the ultramafic* belt on the 
western flank of the northern Sierra Nevada range, Calif­
ornia. The study was undertaken with the object of deter­
mining petrologic variations and nickel distribution within 
the ultramafic rocks, and the origin, mode of emplacement, 
and relation to the orogenic cycle.
Ultramafic intrusions are typically emplaced during 
the early stage of the development of the geosyncline, 
along continental margins, in belts of eugeosynclinal 
rocks, which may be undergoing deformation. They are also 
common in island arc trenches and mid-oceanic ridges 
(Wyllie 1967). Normal nickel content for unserpentinized 
ultramafic rocks, and serpentinites in these belts averages 
.20%, while nickel content of .016% is characteristic of 
common basic rocks. Nickel content in the ultramafic belts 
varies widely within individual intrusive masses.
A clear picture of the primary distribution of nickel 
is a prerequisite to understanding the changes induced
*Usage of ultramafic and related terms is often ambiguous. 
Definition of terms used in this report is given in the 
appendix under the heading, "nomenclature".
2
during serpentinization, along with the method of emplace­
ment, and the possibility of commercial nickel ore occurrences.
Although the Melones ultramafic belt varies in width 
and extends throughout the length of the northern Sierra 
Nevada, three regions were selected because of accessibility 
exposures of outcrop, and known occurrences of nickel (and 
associated chrome and cobalt) within the ultramafic assem­
blage. At the outset of work, prospects were plotted on the 
1:250,000 Sacramento, Chico, and Westwood Army Map Service 
sheets, so that areas of obvious mineralization and easy 
accessibility could be selected for intensive investigation.
In all, 35 square miles of ultramafics were studied in three 
areas as shown on Figure 1, page 3.
Sample collecting and mapping were performed during the 
spring, summer and fall of 1971. Rock chip and channel 
samples were taken of ultramafic and country rocks, and were 
assayed for nickel. Material was obtained from road cuts 
and mine workings. An effort was made to include all degrees 
of serpentinization during sampling. Geologic mapping util­
ized available U.S.C-.S. 7% minute quadrangle sheets (Pike, 
Alleghany, Foresthill, and Washington). Sample locations 
were plotted directly upon the maps (figures 5, 6, and 7).
0 5 10 15
A total of 81 samples were assayed for nickel content 
by atomic absorption methods. Thin and polished sections 
were prepared of representative petrologic and geochemically 
interesting samples. Heavy liquid and magnetic separations 
were made in some cases. Mineral analysis for nickel was 
performed by laser and electron microprobe techniques on 
selected sections. X-ray diffraction analysis was used to 
help determine mineral content of key samples, and X-ray 
fluorescence was employed to determine rock type of badly 
altered samples. The resultant sample descriptions are 
tabulated in the appendix.
Lindgren (1900) did the first geologic mapping in the 
area, published as the Colfax Folio, part of a geological 
atlas published by the United States Geological Survey.
A portion of Knopf's work (1929) dealing with regional 
structure in relation to the Mother Lode is relevant to this 
study. The first detailed work in the region was performed 
by Ferguson and Gannett (1932) in their study of the gold 
mineralization of the Alleghany district. More recent work 
w7as performed in the southern part of the area by Chandra 
(1961) during a study of the deposits of the Foresthill and 
Colfax quadrangle. The overall geology of the Sierra Nevada 
complex has been reviewed by Bateman and Wahrhaftig (1966).
4
Reports of the State Mineralogist (reports for 1919, 1920, 
1941, 1942), and California Division of Mines Bulletins 
(1943, 1956) provide interesting details of the various 
mineral deposits within the region.
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PHYSIOGRAPHIC SETTING
The area under consideration lies on the western slope 
of the northern Sierra Nevada of California, Three main 
physiographic features characterize the area. They are:
(1) steep "V" shaped canyons, (2) flat topped ridges capped 
by Tertiary volcanic rock, and (3) old Eocene erosion 
surfaces upon which the volcanic material lies.
The main streams of the region trend westerly and cut 
across the structural grain of the rock; smaller creeks run 
parallel to the structures. They are in youthful stage, 
and produce deep "V" shaped canyons (figure 2). The average 
slope of the canyon walls is often 35°; the bottoms are 
little wider than the stream itself. The average relief is 
1000 feet from valley bottom to the lava-covered plateaus 
that control the upland topography. The region is a suc­
cession of flat-topped ridges sloping gently westward, 
separated from one another by steep-walled canyons. Ele­
vations range from slightly more than 4000 feet in the 
Alleghany area to somewhat less than 2000 feet in the 
Foresthill region. Glacial features, typical of the high 
Sierras are lacking at these lower elevations.
The ultramafic bodies stand out prominently as steep 
salients bordered by ravines which commonly erode the
8
Figure 2. Typical topography of the western slope of the 
Sierra Nevada range along the South Yuba River. Note that 
the gently sloping lava covered plateaus (skyline) are 
separated by the steep "V" shaped canyon.
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contacts (figure 3a). The steep, boulder-strewn slopes of 
the ultramafic mass are mostly devoid of vegetation and 
stand out from the rocks that border it (figure 3a, 3b).
Contacts between the bedrock and volcanic rocks capping 
the ridges are commonly concealed beneath extensive surface 
debris. Tertiary gravels do not usually rest on the 
ultramafic rocks, because during deposition of the gravels 
the dense ultramafics were resistant to erosion, forming 
low ridges which influenced the Tertiary stream drainages 
and fluvial deposition. (Lindgren, 1911).
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Figure 3a. Salient of ultramafic rock (Jum) at Washington. 
Note Tertiary cover rock (Tm) and wall rock (Ct).
Figure 3b. Typical exposure of ultramafic rock at Alleghany. 
Note lack of vegetation on the boulder-strewn slope.
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GEOLOGIC SETTING
The Sierra Nevada province is part of the Cordilleran 
geosynclinal belt, and consists predominantly of plutonic 
rocks of Cretaceous age (Evernden and Kistler, 1970), 
mainly granodiorite in composition, a portion of the com- 
posite Sierra Nevada batholith. Other plutonic rocks of 
this complex include granite, diorite, gabbro, and the 
ultramafic belt under discussion.
The northern part of the batholith intrudes a belt of 
metamorphic Paleozoic and Mesozoic rocks, an assemblage 
traditionally referred to as the Bedrock Series (Ferguson 
and Gannett, 1932, p. 1).
The Paleozoic section consists largely of metamorphosed 
argillaceous rocks, metamorphosed volcanic lenses and cherts 
with occasional sandstone and limestone members (Clark,
1964, p. 1).
The Mesozoic section consists of alternating belts of 
mafic volcanic rocks and metasedimentary rocks, chiefly 
slate and greywacke, and details are summarized by Chandra 
(1961) in his study of the Foresthill area.
The lithology, composition and deformation of both 
the Paleozoic and Mesozoic sections imply a eugeosynclinal 
environment. Subsequently folding, faulting, and tilting
was accomplished by later tectonic activity (Baird, 1962).
The resultant met amorphic rocks are on the west limb of a 
faulted synclinorium, the axial part of which is now en­
gulfed by the Sierra Nevada batholith. (Clark, 1964, p. 1).
The structures in the metamorphic rocks are a product 
of two distinct stages of deformation (Clark, 1960, p. B316). 
The first stage produced major folding, while the second 
introduced major faults. Comparison of the degree of meta­
morphism and distortion of the Paleozoic material with the 
overlying Mesozoic section suggests that the initial defor­
mation took place during the end of the Paleozoic. Bate­
man and Wahrhartig (1966) relate the earlier period of 
folding to the initial development of the synclinorium in 
Late Permian. Irwin (1964, p. Cl) implies that the later 
tilting and folding of the Mesozoic material is related to 
the Nevadian Orogeny of Late Jurassic.
The chief structure within the northern Sierra Nevada 
is the Foothill fault system; it is related to the later 
period of folding (Clark, 1960, p. B316). This mineralized 
fault system lies parallel to the range and includes the 
Melones fault. The ultramafic mass appears to be related 
to the later period of folding as these rocks intrude the 
Mesozoic section (Chandra, 1961, p. 21).
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xbft ultramafic rocks form an elongate belt of varying 
width that runs almost the entire length of the Sierra 
Nevada in a generally north-northwest direction. The 
eastern boundary of the mass is marked by the Melones fault 
zone (figure 1).
At the northwest end of the Sierra Nevada, both the 
Melones fault and the ultramafic mass disappear under Ter­
tiary volcanic rocks. The zone possibly extends through 
the western Klamath Mountains, into southwestern Oregon, and 
Davis (1969, p. 1095), has suggested that the thrust faults 
of the Klamaths are extensions of the high angle faults of 
the Foothills system.
The metamorphic and ultramafic rocks have been intruded 
by the main Sierra Nevada batholith and by a number of small 
isolated granitic plutons.
The Bedrock series was eroded down in early Tertiary 
time producing an area of low relief (Lindgren, 1911). Vol- 
canism started in the Oligocene and culminated with a great 
exudation of Miocene-Pliocene andesites and breccias. Uplift 
of the present Sierra Nevada began in Late Cenozoic, with 
resulting deep erosion, but large remnants of these Tertiary 
flows still remain as flat topped plateaus concealing parts
13
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of toe bedrock. These rocks along v?ith Quaternary material 
have been named the Superjacent Series" (Ferguson and 
Gannett, 1932, p. 6).
GEOLOGY OF THE AREAS STUDIED
Since this report is concerned primarily with the 
ultramafic mass, only those rocks found in actual con­
tact with the ultramafic rocks were mapped in most cases. 
Rock units are described in Figure 4. Geologic maps of 
the areas mapped in detail (Washington, Foresthill, and 
Alleghany) are shown in Figures 5, 6, and 7, The rocks 
found in contact with the ultramafic mass consist of:
(1) Paleozoic metamorphics, (2) intrusives, and (3) the 
Superjacent Series. Rock sample descriptions appear in the 
appendix.
The Paleozoic Section
All of the rocks studied are part of what is defined 
as the Calaveras Group (Lindgren 1900). The strata strike 
generally north to northwest with steep dips either to the 
west or east, with much minor folding.
Five lithologic formations have been distinguished 
within the Calaveras, four of which are exposed adjacent 
to the ultramafic mass. In ascending order, these units 
include: Blue Canyon Formation, Tightner Formation, Relief
Quartzite, and the Cape Horn Formation. The Blue Canyon 
has also been termed Shoo Fly Formation by Clark (1962, 
p. B15). There are several disconformities within the
16
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section. The lithologies of each formation are shown on 
figure 4, together with age assignments of the rock units.
On the whole, the original rocks were shales, 
sandstones, submarine volcanic flows, tuffs, and agglom­
erates, with minor carbonates. Chert beds are present 
throughout the group. The chert may have resulted by 
precipitation from silica-rich water resulting from the 
submarine volcanic flows.
The Calaveras is apparently a eugeosynclinal sequence 
characterized by extensive volcanism, and has undergone 
subsequent low-grade metamorphism to slate, phyllite, and 
amphibolite, with minor quartzite and marble. Original 
textures and structures are quite well preserved (figure 8), 
and the foliation is generally concordant with original 
strike and dip of the units. The volcanic units apparently 
yield more readily to alteration than the shales.
Intrusive Rocks
Igneous rocks present within the studied area are 
hornblende, gabbro, keratophyre, and granite.
The relation between the gabbro and the ultramafic 
mass is sometimes obscure. In places, dilce-like fingers 
of ultramafic material occur in the gabbro (figure 9), 
but the opposite relation also exists. Some contacts
21
Figure 9. Contact between gabbro (right) and serpentinite 
at Alleghany. Note l"x3" aluminum tags for scale.
Figure 8. Outcrop of Blue Canyon formation at Washington. 
Note preservation of bedding in fine-grained fissile slate.
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also show a marked gradation between one rock type and 
another. The position of the gabbro with the ultramafic 
rocks suggests a direct genetic relationship and the two 
masses are probably differentiates of the same intrusive 
as suggested by Ferguson and Gannett (1932). The gabbro 
has a variable granular texture and is sometimes sheared. 
Exposures of this basic rock are restricted to the 
Alleghany area (figure 7).
The gabbro and the ultramafic mass cut all the 
Calaveras rocks and in turn are intruded by granite in the 
Alleghany area (figure 7). The granite is Upper Jurassic 
(Evernden and Kistler, 1970), thus the time of emplacement 
is well bracketed for the ultramafic mass (i.e., post- 
Carboniferous , pre-Late Jurassic).
The Superjacent Series
The Tertiary rocks of the Superjacent Series cover 
much of the region, consisting mostly of the Pliocene 
Mehrten Formation. The Mehrten post-dates any movement of 
the ultramafic rocks, as evidence by the lack of deformation 




The major structure of the area is the Melones fault 
zone. The Melones fault forms a large part of the Foothill 
fault system. ihe rest of the system is made up of minor 
fissures that constitute the Mother Lode belt. The name 
Mother Lode is reserved to designate structures more 
directly related to gold deposits. According to Ferguson 
and Gannett (1932, p. 70-72, p. 76) the Mother Lode gold 
veins post-date most of the movement along the Melones 
fault, and are not related to the intrusion of the ultramafic 
rocks.
The rocks within the fault zone are cataclastically 
deformed, easily eroded and are usually avenues for stream 
drainage resulting in topographic depressions. Exposure 
of the Melones fault is thus generally poor and it is 
difficult to gain an accurate interpretation of the nature 
of the faulting. Road cuts have provided the best exposure.
The boundaries of the Melones are marked by a transi­
tion from sheared to unsheared rocks, and by structural or 
stratigraphic discontinuity. Rocks within the zone are 
distinguished from bordering and less deformed locks by pro­
nounced schistosity, cataclastic structure, and crumpling.
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The width of the fault zone is variable but is 
generally less than .3 miles and usually about 1 mile wide. 
Sometimes the fault is made up of a complex of smaller 
faults and shear zones such as seen in the Alleghany area 
(figure 1). The fault sometimes cuts, and at other times 
parallels the trend in the surrounding metamorphic rocks. 
Schistosity within the zone suggests a steep dip of between 
70 and 90 degrees, with the direction of dip varying from 
east to west. Most often the dip is vertical as indicated 
by the straight line pattern of the zone through the rugged 
topography (figure 1). In places the zone does illustrate 
a more sinuous pattern, causing some authors to imply a 
thrust (Burchfield and Davis, 1967) with subsequent strike- 
slip movement. However, Clark (1960, p. 492) suggests that 
the sinuous pattern is possibly a result of regional warping. 
Work by Cebull (1970) on slickenslide attitudes of the 





The Uxtramafic rocks form elongate masses varying in 
width fiom three miles to small lobate pods emplaced within 
the country rock. The material locally has a crude banding 
and roidj_ng (figure 10), The appearance of the rock depends 
upon its composition, degree of serpentinization, presence 
of shears, and degree of hydrothermal and/or weathering 
effects.
Included within this mass are several related rock 
types. Dunite, harzburgite, talc rock, pyroxenite, ser- 
pentinite, and laterite associated with serpentinite were 
found during the course of mapping; bodies of chromite ore 
are locally abundant. Sharp contacts between these dif­
ferent rocks types are lacking, and there appears to be 
no confinement of any one type of ultramafic rock to any 
particular part of the Melones ultramafic zone.
The parent ultramafic rocks are extensively hydrated 
to serpentinite in the area. Serpentinization appears to 
have taken place prior to emplacement of the mass owing to 
the lack of distortion in the overlying Tertiary volcanic 
rocks. If serpentinization is a surface process, then 
deformation of this cover rock would be evident. In the
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Washington area the serpentinite contains cores of massive, 
partia-Liv serpentinized parent rock.; this material is 
dunite and har^burgite. Completely unaltered protolith 
rock was not found during the course of mapping,
Serpentinite is the most abundant ulti'amafic rock 
present: within the area. Three types of serpentinite can 
be distinguished. They are: (1) dark, massive, blocky 
rock, (2) green, greasy, slick and sheared serpentinite 
with strongly slickenslided surfaces, and (3) strongly 
foliated material often found in fault and shear zones.
The massive serpentinite forms rugged, resistant 
outcrops; individual blocks are cut by numerous joints.
The larger joints seem to be enlarged by weathering and 
control paths of drainage. It is within the massive 
serpentinite that the least altered parent rocks are found 
(figure 11a). Weathered surfaces are dark green to reddish 
brown. The rock usually fractures into a smooth ellipsoid 
shape; fresh surfaces are dark green to olive black with a 
glassy luster. Olivine and pyroxene of the original rock are 
pseudomorphically replaced by bastite, lizardite or other 
minerals, but occasionally partial replacement leaves 
remnant cores of the parent material. Shearing along 
pre-existing joints, and faults is common, suggesting that
28
movement has taken place after emplacement of the body.
The presence of a directed stress was confirmed by thin 
section work. Massive serpentinite contains the highest 
occurrence of chrysotile veinlets (figure lib).
Sheared serpentinite is generally green to yellow- 
green with slick surfaces (figure 12), and is often re­
ferred to as slickentite (Bailey, 1962, p. 8). It consists 
of incompetent material in which the original texture is 
often obscured by shearing. Outcrops may display an overall 
crude foliation and are generally subdued (figure 12). 
Sheared serpentinite may be found surrounding the blocks 
of the massive serpentinite (figure 11a). Sheared frag­
ments are angular and flattened in one direction, and vary 
from 3 inches to Ih feet in length. Sheared serpentinite 
is the most denuded of vegetation of the ultramafic rocks. 
Slickentite usually contains veinlets of chrysotile, 
although not as numerous and as large as in the massive 
material.
Foliated serpentinite is found as a border facies 
in fault contact with the country rock or in fractures 
and fault zones within the main body of the ultramafic 
mass. All parent structure and texture has been obliter­
ated and the material is often powdery, resembling fault
29
Figure 11a. Partially serpentinized massive harzbuyglte at 
Washington. Note the highly sheared serpentinite between the 
rectangular blocks of massive material.
I
Figure lib. Massive serpentinite at Washington. Note the 
numerous chrysotile veins.
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gouge (figures 13 and 14). The rock fabric, where 
identifiable is compatible with that of the enclosing rock. 
The material is pale to light green-blue on both weathered 
and fresh surfaces.
All gradations exist between the massive, sheared, 
and foliated material. Shearing and foliation may have 
developed during or after serpentinization, possibly 
related to movements along fault zones.
Talc rock is found in the marginal parts of the 
ultramafic mass or in shear zones within the serpentinite. 
The formation of talc phyllite and talc-chlorite schist 
may be due to alteration of the foliated serpentinite 
under the influence of vein-forming solutions that per­
meated the existing shear zones (figure 14). In places 
the serpentinite is also replaced by a mixture of ferro- 
magnesian carbonate and quartz, a mineralization perhaps 
related to the gold veins in the country rock.
In addition to the above, minor amounts of tremolite 
schist, and carbonate rock are found concentrated along 
shears and fault zones in the ultramafic mass.
Irregular bodies of pyroxenite are found within the 
serpentinite in several locations, where they are partially 
altered to bastite and talc. Such pyroxenite is coarse­




Figure 14. Offshoot fracture in the Metones fault zone near 
Washington. Note foliated serpentinite on left and massive 
serpentinite to right. White material near center is crumbly 
talcose rock.
Figure 15. Lateritic soil north of Foresthill
33
Although most of the ultramafic mass is barren of 
vegetation, a red to ocher lateritic soil is sometimes 
developed on the bedrock. This laterite has been the object 
of considerable interest (Rice, 1956, p, 392; Pecora and 
Hobbs, 1941, p. 214; Hotz, 1964, p. 355). The laterite 
varies in thickness due to such factors as climate, topog~ 
raphy, permeability of the bedrock, state of preservation, 
etc. Normally it is found on terraces and gentle slopes 
and is abundant in the northern part of the Foresthill area. 
It is composed principally of hematite and limonite, which 
in places grades downward to a zone of silica boxwork 
(figure 15), Below the boxwork horizon lies a few feet of 
moderately decomposed bedrock grading into fresh bedrock 
into which silica penetrates along fractures.
Laterite may contain considerable nickel (sample #378), 
where supergene enrichment has taken place. None of the 
laterites have been studied in detail; the principal pur­
pose of this study being directed toward the distribution 
of nickel in the unweathered ultramafic rock. However, it 
should be noted that all commercial nickel developed in 
this ultramafic zone is developed in the laterites.
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Relationship to Structures
The ultramafic mass is well delineated by the Melones 
fault zone (figure 1) and the close spatial relation 
suggests a genetic connection. The greater part of the 
ultramafic oodies are enclosed within the fault zone and 
are generally absent east of it.
Ferguson and Gannett (1932) first suggested that the 
Melones fault determined the position of the ultramafic 
mass. Since serpentinite is an excellent lubricating 
material for slip zones, an alternate possibility is that 
the ultramafic rocks, once emplaced, controlled the locus 
of subsequent faulting.
However, there are many points to support the idea 
that emplacement of the serpentinite was controlled by 
major faults. For one, there are cataclastically deformed 
country rocks miles from the fault zone that trend across 
the strike of the serpentinite zones. Also, belts of 
sheared metamorphic rocks parallel to the ultramafic mass 
may be only a few feet wide in most places, but north of 
Alleghany they are measurable in miles. Finally, in fol­
lowing the trace of the Melones fault (figure 1), the 
ultramafic rocks are often not present in significant amounts 
for intervals of several miles. Thus the ultramafic mass 
appears to be fault controlled.
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In plan, the ultramafic mass appears elongate parallel 
to the regional strike of the bedding of the most metamor- 
pnic rocks, but in detail it is found to cut across them.
The Paleozoic wall rocks bordering the fault contain elongate 
pods and small irregular bodies of ultramafic rocks that 
can be categorized as horses. None of the host rocks 
surrounding the ultramafic belt show signs of contact 
alteration nor metamorphism, regardless of composition. The 
ultramafic mass has failed to convert the eugeosynclinal 
sediments to high temperature hornfels as expected for a 
magmatic intrusive. It has been shown that ultramafic 
magmas require temperatures and pressures that greatly 
exceed those expected within the continental crust, and the 
formation of such a magma is possible only within the mantle 
(Green and Ringwood, 1967; Bowen and Tuttle, 1949, p. 454- 
456). Therefore a paradox exists between the observed 
field data that suggests a cold emplacement along major 
faults and the theoretical high temperatures expected for 
the ultramafic melt.
To overcome this fact it has been proposed that the 
occurrence of alpine ultramafic rocks without high tem­
perature aureoles in large tracts along continental margins, 
suggest emplacement along major suture zones that penetrate
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lower crust and upper mantle (Coleman, 1971, p. 1212- 
Bilibin, 1955). Such is the hypothesis for the origin 
and emplacement of the Vourinos complex of Greece, and the 
ultramafic zone of the Urals in the U.S.S.R.
If the ultramafic mass of the Sierra Nevada was formed 
withi.n the mantle and coldly emplaced, then this suggests 
that the Melones is a deep vertical fault, representing a 
major suture zone that penetrates the mantle. Serpentiniza- 
tion being essentially a hydration process, could represent 
alteration during emplacement of the ultramafic rocks into 
the wet sediments of the eugeosyncline, producing a less 
dense and plastic medium that facilitated further tectonic 
movement in the orogenic zone.
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PETROLOGY OF THE ULTRAMAFIC MASS
The Ultrainafic Primary Rocks
A high variation exists in the mineralogy of the 
ultramafic rocks studied; unaltered samples are rare. In 
unsheared specimens the relict structures and remains of 
the original minerals are evident under the microscope, 
and these rocks are usually altered dunites and harzburgites. 
In general, harzburgites tend to be more resistant to ser- 
pentinization than dunites; the freshest samples usually 
are harzburgite.
Olivine is the most prominent mineral in the partially 
serpentinized primary rocks. In dunites the olivine forms 
large grains usually greater than 2 mm, and more rarely up 
to 6 mm. The mineral exhibits distinct polygonal cross 
section. Where the rocks have been strained the olivine may 
be highly twinned and locally crushed. In the harzburgites 
the olivine grains are smaller, average about 1 mm, and tend 
to be anhedral. The accompanying orthopyroxene (enstatite) 
is present in variable amounts with crystals a little larger 
than the olivine and with better developed crystal outlines. 
In strained harzburgites, the lamellae of clino and 
orthopyroxene may show deformation.
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In olivine-bearing pyroxenites, the olivine grains are 
usually located in the interstices between grains of rhombic 
pyroxene, conforming in size and shape to the space avail­
able, The degree of idiomorphism of the principal minerals, 
olivine and pyroxene, is therefore variable.
In addition, as the olivine, content of the rock 
increases so does the Mg/Fe ratio of the olivine, as deter­
mined optically. This is in keeping with X-ray fluorescence 
analysis on whole rocks which has shown that as the olivine 
content rises so does the magnesium content of the rock.
Chromite is present in all samples studied as euhedral 
to rounded discrete grains with a common size range of 50 
to 100y. Some samples that are exceptionally rich in 
chromite may show grains as large as 1 mm.
Magnetite is also a ubiquitous accessory often 
occurring as irregular elongate grey bodies.
The primary ultramafic rocks also contain clinopyroxene, 
plagioclase, sulfides, and phlogopite in varying amounts. 
These minor constituents generally fill the interstices 
between the olivine and pyroxene crystals.
The Serpentinite
The process of serpentinization appears to be one of 
replacement by pseudomorphs, and olivine appears to be the
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mineral that is most readily converted to serpentine. It 
is for this reason that the dunites are more altered than 
harzburgites. The serpentine mineral that most commonly 
forms from the olivine is a yellow to greenish lizardite, 
as proven by X-ray diffraction patterns (figure 16). The 
lizardite, besides pseudomorphically replacing the olivine, 
tends to also form ribbon structures which show a distinct 
parallel alignment (figure 17) suggestive of directed pres­
sure during serpentinization. This is especially evident 
in the harzburgites where the lizardite is developed in the 
interstices between the relict pyroxene grains. Vein-like 
fibrous chrysotile is noted throughout most sections. It 
is characteristically fibrous where as the lizardite appears 
mostly as plates pseudomorphically replacing the olivine 
grains. The chrysotile is often found in sheared 
serpentinite (figure 18).
X-ray diffraction patterns reveal antigorite, another 
serpentine mineral, but it is difficult to determine lizard­
ite from antigorite microscopically, and hence the relation­
ship between the two is obscure.
The pyroxene tends to be less susceptible to 
serpentinization and to withstand weathering better than 
olivine. In rocks that are rich in orthopyroxene, X-ray
40
(plane light)
Figure 16. Photomicrograph of serpentinized dunite from 
Washington area; magnified 250X. Note green lizardite 
pseudomorphs, angular grains of olivine, ribbons of mag­




Figure 18. Photomicrograph of lizardite from Washington; 
magnified 250X. Note chrysotile (white) developed along 
shear zone.
Figure 17. Photomicrograph of lizardite ribbons in serpen- 
tinite at Washington; magnified 250X. Note parallel align­
ment of ribbons.
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diffraction patterns show a high talc content, suggesting 
that this is the main alteration product of the pyroxene 
rather tnan serpentine. In pyroxenites, bastite appears 
to be the main mineral of replacement. The bastite generally 
forms euhedral crystals set in a matrix of serpentine after 
olivine. Plagioclase, where found, tends to be saussuritized.
Brucite, Mg(OH)2, forms thick booklets having diameters 
ranging from less than lOy to more than 200y. It normally 
occurs in the center of the serpentine pseudomorphs and 
often has riffled edges finely intergrown with the sur­
rounding serpentine. It tends to form in the olivine rich 
rocks, which suggests that the excess magnesium from the 
breakdown of the olivine forms brucite.
The presence of orthopyroxene tends to hinder the 
formation of brucite, and it may be that some of the 
magnesium from the breakdown of olivine applies to the 
conversion of pyroxene to form serpentine instead of brucite. 
This is substantiated by the lack of brucite in harzburgites.
Magnesite, MgCO^, is another minor constituent of the 
serpentinites. It has the same size range as brucite and 
occurs as crystal aggregates that replace the original ser­
pentine ribbons, indicating a late stage of formation (figure 
16). Magnesite possibly forms as the result of the
introduction or CC^ while magnesium was being liberated 
from some of the other minerals.
Tremolite is present in varying amounts. Like 
magnesite, it forms possibly due to the introduction of CC^ 
to the system when the original rock contains clinopyroxene.
A small amount of iron appears in the serpentinite as 
small specks of magnetite within the pseudomorphs after 
olivine. The iron expells from the original olivine, for 
the resultant serpentine accommodates very little iron in 
its structure (Deer, Howie, and Zussman, 1962). The mag­
netite is generally less than 50m . The larger elongate 
bodies interstitial to the pseudomorphs are probably 
magmatic and have survived the process of serpentinization, 
unaffected except for some fracturing (figure 19).
All chromite in the serpentinite is probably magmatic 
and occurs in the interstices between the pseudomorphs 
(figure 20). Most grains display oriented overgrowths of 
magnetite that probably form at the time of serpentinization 
(figure 21).
Minute grains of iron and nickel sulphides are present 
throughout the serpentine. Those grains measuring greater 
than 50p are probably primary and survived the process of




Figure 19. Photomicrograph of serpentine pseudomorphs after 
olivine from Washington; polished section magnified 125X. 
Note primary magnetite (Mt), pentiandite (Pt), and dust-like 
particles of secondary millerite (Mi).
Figure 20. Photomicrograph of serpentinized dunite from 
Washington; magnified 128X. Note iizardite pseudomorphs, 
and interstical chromite (Cr).
Back Scattered Electrons Iron Chrome
Figure 21. Electron microprobe images of chromite (Cr) and 
magnetite (Mt) from Washington area; magnified 600X. Note 
oriented overgrowth of magnetite (iron scan) on primary
chromite (chrome scan) . 4̂Cn
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coarser grained than the sulphides that form during 
serpentinization and can be distinguished from the latter 
in that they occur in the interstices between the original 
olivine grains (figure 19). The larger grains are identifi­
able in polished section as pyrrhotite-pentlandite (Fe„ S-1-x
(Fe,Ni)9Sg).
More sulphides are formed during the conversion of 
olivine to serpentine. These sulphides seldom have grain 
diameters larger than 10u and are dispersed often as a 
dust in the serpentine pseudomorphs and chrysotile veinlets. 
Positive optical determination of these small grains is 
difficult. Where large enough to be seen, they display a 
crenulated shape and are not present in the primary enstatite, 
olivine, or chromite grains. The similarity in size, dis­
tribution, and shape suggests a common origin, and precludes 
an outside source for the sulphide minerals.
It should be noted that only minute quantities of 
sulphide and magnetite form during serpentinization.
In addition to the above, small varying amounts of 
diopside, phlogopite, and chlorite are sometimes present.
DISTRIBUTION OF NICKEL IN THE PRIMARY ROCKS 
THE SERPSNTINITES AND THEIR. RELATED ALTERATION PRODUCTS
The Ultramafic Primary Rocks
Atomic absorption analysis on the specimens studied 
showed that the distribution range for nickel varied from 
sample to sample (table I).
Laser probe analysis on olivine and pyroxene grains 
of the freshest samples of primary dunites and harzburgites 
show that olivine, not pyroxene, contains high amounts of 
nickel. As olivine is the first to crystallize from a 
melt in most instances, and essentially is a magnesium 
silicate, nickel concentrates in preference to iron in 
this mineral (Ringwood, 1955, p. 197). This phenomenon can 
be explained in terms of electronegativity and the three 
basic rules of Goldschmidt (Ringwood, p. 189). As crystal­
lization proceeds further, and pyroxene is formed, the 
magma is depleted in nickel and relative to the olivine, a 
higher percentage of iron and a lower amount of nickel enters 
the pyroxene structure. This explains why specimens of ser- 
pentinized dunite show higher nickel values than harzburgites 
(table II).
Because of the distinct chalcophile and siderophile 
nature of the nickel, this element also tends to become
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somewhat concentrated in iron-nickel sulphides that form 
the pyrrhotite-pentlandite aggregates. Optical determin­
ation on these grains is confirmed by identification of 
nickel in laser probe analysis.
It has been suggested by some workers that magmatic 
magnetite may be suspected of containing some nickel (Nickel, 
1959, p. 316). However, laser probe work fails to reveal 
nickel in magnetite separations made from the ultramafic 
rocks. Atomic absorption analysis has likewise detected 
only trace amounts of nickel in bulk magnetite separates.
The lack of nickel associated with the primary magnetite is 
probably due to the later crystallization of magnetite. In 
similar fashion, electron microprobe scans fail to detect 
any nickel associated with chromite.
Distribution of Nickel in the Serpentinite
During the process of serpentinization a partial 
redistribution of nickel occurs. As mentioned, the original 
nickel-rich olivine, along with the orthopyroxene, is 
replaced by serpentine minerals, brucite, and talc.
Since microscopic examination of specimens with high 
nickel values (table I) did not always reveal the presence 
of separate nickel minerals, it may be concluded that the
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bulk of the nickel is present in the serpentine structure,
possibly as a substitution for magnesium.
It has been shown by Faust and Fahey (1962, p. 2) that
within the serpentine group of minerals, there is a wide
range of substitutional solid solution involving atoms that
have ionic radii similar in size to magnesium. Nickel with
a size of .62A can very easily enter into the position
occupied by magnesium with a radii of .67A. In addition,
the charges on both atoms are also similar. Hence, natural
serpentine is rarely composed of the traditional formula
Mg3Si20^(OH)^, but rather belongs to multicomponent systems.
+ 2Therefore, a realistic phase is MgcNi Fe rSi,0,A(OH)_.5 r 5 *5 • 5 4  10 8
Thus a considerable amount of nickel could be found in the 
lizardite structure.
Electron microprobe analyses on the serpentine minerals 
indeed show them to be rich in nickel, with values varying 
between .1 and .37o (figure 22). In turn, whole rock determin­
ation of samples consisting mainly of lizardite and chryso- 
tile (serpentinized dunites) yields high nickel values 
(table II). Likewise, talc rocks and serpentinized harz- 
burgites are nickel poor, reflecting on the low nickel 
content of the original pyroxene.
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Distribution of nickel in uitramafic rock during primary crystallization, serpentin- 
ization and weathering. Nickel % based on real determinations and given in parenthesis.
Figure 22 LnO
Brucite, where present, shoves by laser probe work to 
contain a small amount of nickel. This suggests that this 
mineral also has the ability to incorporate some nickel into 
its structure or to adsorb nickel between the layer structure 
of the brucite.
The sulfides that form during the process of 
serpentinization occur as minute specks within the serpentine 
grains (figure 19). Owing to their small size, optical 
determination is difficult. However, laser probe work shows 
that these sulphides are rich in nickel and poor in iron.
The high Ni/Fe ratios coupled with their light yellow to 
white colors and high relective values suggest that the 
minerals are hazelwoodite ( ^ 382) and millerite (NiS).
Further analyses by electron microprobe confirm the exist­
ence of millerite (figure 23). These minerals are scarce 
in rocks that have low nickel values. They are found to be 
associated only wTith the serpentinite pseudomorphs after 
olivine, further proof of their association with that primary 
mineral.
The sulphides that form during the serpentinization 
process are due to the chalcophile nature of nickel which 
causes this element to form minerals, probably from trace 





Figure 23. Electron microprobe images of lizardite (Li) from Washington; 
magnified 600X. Note millerite (mi) and magnetite (Mt) bodies, and the 
ubiquitous occurrence of nickel.
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crystallization. The sulfur in the olivine was detected 
during electron microprobe mapping of the olivine grains.
In addition to the above, occasional tiny splinters 
(<10y) of isometric white material is noted with high Ni/Fe 
ratios. It is found only in the lizardite and chrysotile 
and is identified as awaruite (NigFe), a native-iron to 
which the name josephinite is also sometimes applied.
The specks of magnetite exhuded during serpentinization 
are found, by laser probe analysis to contain trace amounts 
of nickel, an example of the siderophile nature of this 
element. Electron microprobe scans show these bodies to
t
be trevorite, NiF^O^ (figure 24). Also within the magnetite 
grains and closely associated with the trevorite are 
extremely small crystals of cobalt iron nickel sulphide, 
probably siegenite, (NijCo^S^ (figure 24).
In summary then, the original ultramafic rocks generally 
consist of olivine, orthopyroxene, chromite, magnetite, 
pyrrotite, pentlandite, and micas. Through the process of 
serpentinization, various serpentine minerals, mainly 
lizardite, chrysotile, and antigorite form, along with 
variable quantities of brucite, talc, magnesite, chlorite, 




Figure 24. Electron microprobe images of secondary magnetite from Wash; 
ington area; magnified 1900X . Note distribution of nickel and cobalt 




Ths nickel distribution throughout these various 
minerals is displayed in Figure 22. Determination of values 
was by electron microprobe.
Conclusion
Considering the mineralogy of nickel, and the 
geochemical variation of nickel values from specimen to 
specimen, a correlation can now be proposed.
The distribution of nickel varies as shown in tables I 
and II. The amount of nickel present depends upon the type 
of minerals present (figure 22). The minerals that form 
from the ultramafic rocks during serpentinization are largely 
controlled by the composition of the parent rock.
In each sample studied, the serpentine minerals, mainly 
lizardite, seem to account for the majority of the total 
nickel (.1 to .3%). Thus samples that have low nickel con­
centrations, (e.g. #313 = .12%) are found to contain less 
lizardite than those with high nickel values (e.g. #308 = 
.24%). Serpentinites with low values are found to contain 
large fraction of clays, and talc suggesting that the par­
ent rock is high in plagioclase and pyroxene. Conversely, 
samples with high nickel values ( .204) are found to 




The sulphides, although possessing high nickel values 
(figure 22), amount to only a small fraction of the rock and 
thus account for only a small amount of the total nickel 
present. The nickel sulphides, like the lizardite, appear 
chiefly in specimens that originally consisted primarily 
of olivine.
Secondary magnetite appears to have only trace amounts 
of nickel associated with it, and thus contributes only trace 
amounts of nickel to the total assay. Specimens that dis­
play a high amount of chromite are consequently found to 
have low nickel assays, probably due to the high amount of 
chromite vs. nickel rich olivine in the original rock.
Since only minute quantities of sulphide and magnetite 
form during serpentinization, no major change in the con­
centration of nickel occurs in the major magnesium silicates. 
That is to say the bulk of the nickel is present as solid 
solution with serpentine (nickel scan, figure 23).
Since serpentine forms the bulk of the nickel-rich 
rocks, concentration of nickel as ore is impossible. Like­
wise, the nickel rich sulphides with an average grain 
diameter of 10m do not render themselves to physical sepa­
ration and the presence of nickel ore bodies is unlikely.
Most commercial nickel ore in many ultramafic rocks occurs
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as primary pentlandite as phenocrysts with a size range 
exceeding 1 mm, not as small secondary sulphides. Such 
bodies exist in Canada, and in the Urals of the U.S.S.R. 
(Yakovlev, 1971, p. 1065).
However, commercial nickel ore could exist within the 
sulphide-poor ultramafic bodies of the Sierra Nevada if 
remobilization and concentration of the sulphides would 
occur along fractures in either the ultramafic or wall rocks. 
Such is the hypothesis for the formation of Thompson nickel 
ore body of Canada (Douglas, 1970, p. 181). The absence of 
concentrated sulfide zones in the ultramafic bodies and the 
lack of nickel in all wall rocks studied (table II) suggests 




Mapping of rock types, fractures, faults and the 
petrographic and mineralogical analysis reveals the com­
plexity of the Melones ultramafic assemblage of the Sierra 
Nevada. An attempt is made here to synthesize the relations 
viewed in the field and in the laboratory. An effort is 
also made to draw a correlation with other ultramafic belts.
In comparing field data with petrographic evidence it 
appears that the nickel-rich serpentinized dunites intermix 
with the nickel-poor serpentinized harzburgites. There 
appears to be no zonality of the different ultramafic rocks 
types or confinement to any particular part of the belt.
This intermixing appears to be an internal structural charac­
teristic of all areas studied so that the entire Sierra 
Nevada ultramafic belt appears to be a chaotic assemblage 
of different rock types averaging .21% nickel (table II).
The intertonguing of units is further complicated by 
shear zones, pods of chrome rich serpentinite and occasional 
lenses of pyroxenite. The shears resulting in the foliation 
of the serpentinite do not appear co be related to the 
parent rock type, as assays for the foliated material have 
produced varying values for nickel (taDle II). Varying 
nickel values for massive, sheared, and foliated serpentinite
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show that, the mega scopic appearance of an ultramafic rock 
is not necessaiily indicative of its mineralogy (table II).
The ultramafic complex of the Foresthill, Alleghany, 
and Washington areas in terras of mineral assemblages, 
structures, and textures is typical of most alpine-type 
complexes (Thayer, 1960; Hess, 1956; Coleman, 1971). Some 
of these similarities are: (1) the rocks tend to be mostly 
serpentinized dunites and harzburgites, (2) ultramafic 
rocks and gabbro are genetically related, (3) nickel 
content of the mass usually averages .20%, (4) a high Mg/Fe 
ratio for the olivines, and high abundance of olivine vs. 
pyroxene, (5) irregular distribution of ultramafic rock 
types, (6) structures produced by deformation are abundant, 
(7) failure to metamorphose surrounding rock, or for that 
matter, inclusions within the mass, and (8) the ultramafic 
bodies are commonly elongate parallel to the trend of 
tectonic features.
Alpine-type ultramafic bodies are widely scattered in 
southern British Columbia, Washington, and Oregon. In most 
respects these masses are similar to those in the area 
studied. The ultramafic belt of the Sierra Nevada is thus 
presumably part of the same system of ultramafic complexes. 
In California, the separation of the ultramafic exposures
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into a coastal belt- and the Sierran belt may be only due to 
cover by later formations. However, definite correlation 
between the two is a matter of conjecture (W. Dickinson, 
personal communication). The distribution of the Melones 
ultramafic mass is thus in accordance with the maior tectonic 
features of western North America. Other ultramafic bodies 
throughout the world such as the Ural Mountains of the U.S. 
S.R. , and the Vourinos complex of northern Greece also 
show a close correlation with major structural zones.
The author believes that the characteristic features 
of the Melones alpine-type ultramafic belt is best explained 
by cold intrusion in the solid state of material that was 
previously differentiated. The belt represents a major 
suture zone along the continental margin, located in or 
penetrating the mantle. This zone is now displayed as the 
Melones fault zone. Prior to and during emplacement, 
serpentinization and redistribution of nickel occurred. 
However, owing to the tectonic mode of emplacement these 
nickel values vary widely. Concentration of primary nickel 
sulphides within the areas studied does not appear to have 
occurred. The lack of post-tectonic metamorphism precludes 
the substantial remobilization and concentration of nickel 
suggested as the origin for the Thompson ore body of
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Canada. The chaotic tectonic character of the alpine 
type Sierra Nevada ultramafic belt thus exhibits little 
basis for the discovery or existence of rich magmatic 
nickel occurrences, at least within the area of this report. 
However, the ultramafic mass of the Melones zone differs from 
stratiform complexes (Bushveld and Stillwater-Hess. 1960), 
and from the magmatic complexes of south-eastern Alaska 
(Noble and Taylor, 1960, p. 188). Such bodies could 
possibly possess massive sulphide occurrences. Therefore, 
exploration for nickel ore bodies in ultramafic rocks 
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ior minerals, the nomenclature of Deer, Howie, and 
Zussman is used. The following explanation of terms is 
given for items which are used with ambiguity in the 
geologic literature.
Alpine-type Ultramafic - Characterized by irregularity of 
form and internal structures, distribution along eugeosyn- 
clinal belts which have been subjected to an alpine type of 
deformation, and features which can be explained by strong 
deformation and mixing of previously semisolid rocks during 
emplacement (Thayer, 1960, p. 247).
Dunite - A ultramafic rock containing chiefly magnesium 
rich olivine, (Mg^SiO^, to the near exclusion of all 
other minerals.
Harzburgites - A ultramafic rock containing about 20% 
orthopyroxene with the remainder of the rock almost all 
olivine.
Peridotite - An all inclusive term in referring to an 
assemblage of dunites and harzburgites; synonymous with 
the word ultramafic.
Pyroxenite - A medium or coarse-grained ultramafic rock 
consisting essentially of pyroxene.
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__T.Pe P — “ Name applied to a group of minerals having
the general formula Mg3Si205(0H)4 ; where identifiable they 
are named as chrysotile, lizardite, or antigorite (Faust 
and tahey, 1962). Where the serpentine species are not 
identified or are referred to collectively, they are called 
serpentine-group minerals.
Serpentxnite - A rock of the ultramafic assemblage composed 
chiefly of serpentine minerals. These rocks generally con­
sist of mixtures of serpentine-group minerals co-existing 
with olivine and pyroxene. Talc, brucite, actinolite, 
magnetite, and sulphides may be present as products of 
serpentinization.
Serpentinization - The process of formation of a serpentine 
group of minerals from pre-existing ferromagnesium minerals 
or primary ultramafic rocks such as dunite and harzburgite. 
When the original rock type can be determined, names such 
as serpentinized dunite and serpentinized harzburgite are 
used.
Stratiform-type Ultramafic - Exemplified by the Stillwater 
complex of the U. S., having lopolithic forms, an orderly 
succession of layered rocks ranging from peridotite at the 
bottom to gabbro at the top, and other features attributable 
to crystallization and differentiation of a molten magma in 
place with little or no disturbance.
Ultramafic Rock - A rock containing less than 45% silica 
containing virtually no quartz or feldspar and composed 
essentially of ferromagnesian silicates, metallic oxides 
and sulfides.
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NICKEL CONTENT IN WHOLE ROCK ANALYSIS OF ULTRAMAFIC ROCKS 
AND WALL ROCK GIVEN IN PERCENT
TABLE I
SAMPLE NICKEL CONTENT
NO. ROCK TYPE (7o)
301 Quartzite, Tightner Fm. .004
302 It 1! .008
303 Massive Serpentinized Dunite .20
304 i i  it it .24
305 Foliated Serpentinite .24
306 Clay Slate, Tightner Fm. .010
307 Amphibolite Schist, Tightner Fm. .050
308 Massive Serpentinized Dunite .24
309 i i  i i  ft .19
310 II  1! n .20
311 Sheared Serpentinized Dunite .22
312 Massive Serpentinized Dunite .20
313 Foliated Serpentinized Harzburgite .12
314 Foliated Serpentinite .24
315 Amphibolite, Tightner Fm. .048
316 Massive Serpentinized Dunite .22
317 Clay Slate, Blue Cyn. Fm. .004
318 I I  IT I I  I I  II .008
319 Massive Serpentinized Harzburgite .17
320 Talc Phyllite-Foliated Serpentinite .12
321 Talc Schist-Foliated Serpentinite .15
322 Sheared Serpentinized Harzburgite .17
323 Talc Phyllite .16
324 Crushed Slate, Tightner Fm. .010
325 Hornfels .016
326 Foliated Serpentinite .19
327 Sheared Serpentinized Harzburgite .17
328 Soil, Tightner Fm. .026
329 Actinolite, Chlorite Schist .008
330 Talc Rock .13
331 Meta-Dacite, Tightner Fm. .012
332 Slate, Blue Cyn. Fm. .004
333 Massive Serpentinized Harzburgite .19
334 Quartz Vein in Serpentinite .22
335 Talc Schist . 18




337 Foliated Serpentinite .27
338 Talc Phyllite .088
339 Keratophyre .013
340 Sheared Serpentinized Dunite .21
341 Red Soil, Tightner Fm. .044
342 Clay, Talc Phyllite, Tightner Fm. .093
343 Foliated Serpentinite .25
344 Massive Serpentinized Dunite .23
345 Massive Serpentinite .21
346 Foliated Serpentinite, Talc Rock .15
347 Talc Rock .16
348 Fault Material .004
349 Foliated Serpentinite .28
350 Valley Springs Conglomerate .087
351 Massive Serpentinized Dunite .21
352 Quartz-Mica Schist, Tightner Fm. .056




357 Foliated Serpentinite .26
358 Sheared Serpentinite .19
359 Serpentinite, Channel Sample .22
360 Gabbro .030
361 Serpentinite, Channel Sample .18
362 Crushed Slate, Blue Cyn. Fm. .012
363 Phyllitic Shale, Blue Cyn. Fm. .012
364 Relief Quartzite .002
365 " " -002
366 Quartz-Carbonate Vein in Serpentine .14
367 Silica Boxwork, Limonite Soil .26
368 Foliated Serpentinite .22
369 Sheared Serpentinized Dunite .25
370 Sheared Serpentinite .17
371 Mariposite and Carbonate Vein .080
372 Serpentinite, Channel Sample .21
373 Slate, Cape Horn Fm. .018
374 Massive Serpentinized Dunite .23
375 Pyroxinite .027
376 Massive Serpentinized Dunite .22





AVERAGE NICKEL CONTENT BY ROCK TYPE GIVEN IN PERCENT
(DATA FROM TABLE I)
MINIMUM TO MAXIMUM
ROCK TYPE VALUES AVERAGE
Serpentinizea Dunite .19 .25 .22
Serpentinized Harzburgite .12 .19 .165
Pyroxenites .027 .027 .027
Talc Rocks .09 .16 .143
Massive Serpentinite .17 .24 .21
Sheared Serpentinite .17 .25 .197
Foliated Serpentinite .12 .28 .213
TOTAL ULTRAMAFIC ROCKS .027 .28 .21
Gabbro .011 .030 .018
Quartzites .002 .008 .004
Slates .004 .018 .010
Schists .008 .056 .034
TOTAL WALL ROCK .002 .056 .013
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LOCATION AND DESCRIPTION OF SPECIMENS
A. Units of the Washington district (fig. 5)
Sample
No. Lithology
301 Coarse-grained quartzite of the Tightner Fm; at 
fault contact with the ultramafic mass to the east.
302 Fine-grained quartzite of the Tightner Fm; abundant 
mica imparts a schistose appearance to the rock. At 
fault contact with the ultramafic body to the east.
303 Serpentinized dunite, green and massive; contains 
plates of lizardite after olivine with numerous 
veinlets of cross-fibered chrysotile.
304 Serpentinized dunite; similar to 303. On road west 
of Poorman’s Creek.
305 Foliated serpentinite; from shear zone east of 304.
306 Clay Slate of Tightner Fm; very friable and well 
weathered. From shear zone west of 301.
307 Amphibolite schist, Tightner Fm; forms contact with 
serpentinite to east. Stark property access road.
308 Serpentinized dunite, green and massive; plates of 
pseudomorphic lizardite after olivine embedded in 
a matrix of chrysotile and ribbons of lizardite.
309 Serpentinized dunite with abundant veins of chryso­
tile up to \ inch in diameter; dark green and massive. 
From open pit asbestos mine, Stark prospect.
310 Serpentinized dunite; similar to 309.
311 Serpentinized dunite; similar to 309 except for heavy 
red staining on surface. Stark prospect.
312 Dark green and massive serpentinized dunite with 
chrysotile veinlets up to 1 inch in diameter. Sample 
off adit wall of old mine, Stark property.
313 Hard, black to dark green serpentinized harzburgite. 
Exhibits slaty cleavage with occasional veins of 
chrysotile.
314 Foliated serpentinite, light to dark green, with a 
soapy feel. Material from Melones fault zone.
On road east of Poorman's creek.
315 Crumpled Amphibolite, with hornblende replaced by 
actinolite; abundant chlorite. Channel sample taken 
of crumbly material from Melones fault zone. Forms 
contact with serpentinite to the w’est. Tightner 
formation, east of 314, on road.
TABLE III
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316 Dark and massive serpentinized dunite; breaks up 
into elliptical fragments averaging 5 in. Surfaces 
display slickenslides. Forms fault contact with 
Blue Canyon Fm. to east. On road to Spanish Mine.
317 Whitish clay slate of the Blue Cyn. Fm. At contact 
with 316.
318 Same as 317 but 100 feet from contact and not as 
sheared. Material loose and friable with heavy limon- 
its staining. On road to Spanish Mine.
319 Dark, greasy, serpentinized harzburgite. Forms blocky 
outcrop adjacent to minor shear zone. 80 feet west
of Melones fault zone.
320 Foliated serpentine partly altered to a talc phyllite. 
Highly sheared and powdery in parts. From shear
zone 70 west of main Melones fault.
321 Talc-clorite schist from shear zone. Abundant sphene 
and carbonate visible. Probably of hydrothermal 
origin.
322 Serpentinized harzburgite; similar to 319. Grab 
sample of mine dump adjacent to Melones fault 
zone.
323 Talc Phyllite form Melones fault zone. Adjacent to 
322. Highly crumpled with chrysotile veinlets 
abundant.
324 Crushed slate of Tightner formation. Large number 
of quartz stringer ramifying irregularly throughout 
the rock. From open pit on Melones fault zone; 
adjacent to 323.
B. Units of the Foresthill District (figure 6)
325 Homfels; occurs as pods in talc shear zone near 
contact with serpentinite mass to west and wall rock 
of Tightner formation. From road cut on Mosquito 
Ridge road.
326 Talc schist and foliated serpentinite from Melones 
fault zone; carbonate veinlets abundant. Chromite 
specks evident in hand sample. Numerous slickenslide 
surfaces. From road cut, Mosquito Ridge road.




TABLE III B (continued)
327 Serpentinite; displays granular texture with heavy 
limonite staining. Some carbonate veins present.
From the Melones fault zone, on the Mosquito Ridge 
road.
328 Soil of Tightner formation. 50 foot channel sample 
of soil mixed with pods of quartzite. From Melones 
fault zone immediately east of 327.
329 Actinolite-chlorite schist, Tightner formation.
Highly altered with actinolite replacing hornblende 
and plagioclase totally saussuritized; some sphene 
.noticed. Immediately east of 328, Mosquito Canyon 
road.
330 Talc rock from fault zone. Highly sheared material 
consisting of talc replacing actinolite with minor 
amounts of chlorite and sphene. From the Melones 
fault zone immediately east of 328. Mosquito Ridge 
road.
331 Meta-dacite, Tightner Fm. Consists of quartz and 
actinolite. Mosquito Ridge road.
332 Black carbonaceous clay slate, Blue Canyon Formation. 
Forms contact with 331.
333 Serpentinized harzburgite; massive, black and blocky 
with numerous cross-fibered chrysotile veinlets.
Rock matrix highly variable: sugary fine-grained to 
coarse textured. Pyroxene lath easily seen in some 
specimens. Near center of ultramafic body, Mosquito 
Ridge road,.
334 Quartz vein material from dump of chrome mine within 
the ultramafic body. Quartz material well fractured 
and contains iron sulphides. Carbonates and mariposite 
also evident. Poco Tiempo quartz mine.
335 Talc schist, well foliated; abundant iron sulphide.
From shear zone within ultramafic mass. Mosquito 
Ridge Road.
336 Foliated serpentinite; very fissile, breaks apart 
easily along multiple planes of foliation. Rock 
outcrop forms elongate "S" curve 14 feet in length 
surrounded by finer material.
Foliated serpentinite, very flakey material. Similar 
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338 25 foot channel sample of talc phyllite within 
shear zone. May represent material that is hydro- 
thermally altered. Some lenses of tremolite noticed. 
Adjacent to 337 and 339.
339 Karatophyre body within serpentinite; massive, lent­
icular light colored body, generally fine-grained. 
Matrix consists of albite, actinoiite, chlorite, 
epidote, quartz and altered mafics. Carbonate 
present in thin veins. Exposure on Mosquito Ridge road.
340 Greasy, schistose, green serpentinized dunite; shows 
■abundant cross~fibered chrysotile in small veinlets.
West of Karatophyre body.
341 Yellow-brown limonite soil of Tightner Fm. 25 foot 
channel sample taken at contact with serpentinite 
along Mosquito Ridge road.
342 Clay talc phyllite with abundant chlorite and sphene. 
Tightner Fm. , Mosquito Ridge road, 10 feet east of 341.
343 Green foliated serpentinite; soapy feel. Thin 
section reveals tight bundles of antigorite and 
chrysotile fibers up to 6" in length.
344 Serpentinized dunite; minor amounts of chromite. 
Weathers out as hard, dark block up to 3' in diameter. 
70" east of 343. Mosquito Ridge road.
345 Dark massive serpentinite. Thin veinlets of chryso­
tile throughout sample; relict pyroxene visible.
346 Foliated serpentinite from shear zone. Material well 
altered; crumbles easily. 50’ east of 345.
347 Talc rock with carbonate veins. Adjacent to 345 
and shear zone, but not as friable as 345.
348 Fault gouge and quartz vein material. Material from 
contact with serpentinite and Tightner Fm. on west.
349 Foliated serpentinite with numerous X-fibered chryso­
tile veins; limonite soil and Mn wads abundant. In 
contact with overlying Tertiary Valley Spring. At 
bend in road to Paragon gold mine.
350 Valley Spring conglomerate. Immediately above 349.
C. Units of the Alleghany District (figure 7)
Hard dark serpentinized dunite, massive but contorted 
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wall rock of Tightner Fm. Long axis of serpentine 
body roughly parallel to the schist. East side of 
road to Yellowjacket mine at east end of district.
352 Quartz-mica schist of Tightner Fm. Forms contact 
with serpentinite (351) to north.
353 Gouge material, serpentinite-gabbro contact. Foote 
Road, near center of Alleghany area.
354 Gabbro; coarse granular texture consisting of dark 
green hornblende, and green saussaritized plagioclase. 
Forms contact with serpentinite finger to west.
355 Gabbro; schistose with mineral aligned into planes. 
Abundant, evidence of shearing. North side of Foote 
Road.
356 Gabbro; more granular and finer grained than 355.
From middle of gabbro mass that appears to inter­
finger with the serpentinite. North side of Foote 
Road.
357 Foliated serpentinite from shear zone; forms contact 
with gabbro to east. Appears altered. 3' west of 345.
358 3 meter channel sample of green sheared serpentinite. 
Taken immediately west of 347, North side of Foote 
Road.
359 Channel sample of serpentinite finger to east of 
gabbro (#353-356). Consists of foliated and sheared 
serpentinite. 20' north of telephone pole #20 on 
Foote Road.
360 Gabbro, altered to amphibolite; displays granular 
texture. Form contact with #359 to west.
361 Serpentinite, sheared. From channel sample taken of 
contact with Blue Cyn. shale to east. Western 
serpentinite body, on Foote Road.
362 Crumpled, shaly mica schist; Blue Canyon Fm. From 
shear zone at contact with serpentinite (361) to 
west. East side of Foote Road.
363 Phyllitic Shale of Blue Cyn. Fm. Transcended by 
numerous quartz veins up to 2" in diameter. Similar 
to #362, but not as foliated. Immediately east of 
#362.
Relief Quartzite, fine-grained with abundant mica 
layers imparting a foliated appearance to the rock. 





364 Relief Quartzite, fine-grained with abundant mica 
layers imparting a foliated appearance to the rock. 
From pit on Foote Road west of Mack House.
365 Relief Quartzite, coarse-grained and non-foliated. 
Forms contact with serpentinite. From pit on 
Foote Road west of Mack House.
366 Quartz carbonate vein from Red Ledge Chrome Mine 
dump. Rock has abundant green-blue streaks of 
Mariposite.
367 Silica boxwork, and limonitic soil; forms soil 
horizon over serpentinite that is well fractured.
Red Ledge property.
368 Foliated serpentinite; dark and greasy with numerous 
slick surfaces. From shear zone. Red Ledge property,
369 Sheared serpentinite, green to light green. Very 
loose and friable; intercalated with #368. Red Ledge 
property,
370 Sheared serpentinite; greasy green with numerous 
slick surfaces. Red Ledge property.
371 Quartz-'carbonate vein in slate wall rock boarding 
serpentinite to west of Red Ledge property. Green 
mica abundant; probably Mariposite.
D. Washington Area, Additional Samples (figure 5)
374 Serpentinized dunite: Freshest sample seen in field 
with olivine and pyroxene relicts easily seen.
Massive hard, black; occurs as massive holders on 
top of ridge in center of ultramafic mass. On Stark 
property near open pit mine,
375 Pyroxenite vein near contact with serpentinite and 
Tightner Fm. to vest. On road to Stark property.
376 Serpentinized dunite: massive, black, and relatively 
fresh rock. From outcrop consisting of large hard 
red blocks up to 3' in diameter. Similar to 7f374. 
Stark property.
377 Crumpled hornblende schist. On road to Stark property 
Tightner Formation.
378 Laterite boxwork material consisting of silica boxwork 
and abundant laterite soil with some magnesite wads. 
From Southern Pacific claims adjacent to road between 
Washington and highway (California route 20).
TABLE III C (continued)
Sample
No. Lithology
